Measurements of 13CHt/12CH 4 and 12CH 3 Dj12CHt ratios in atmospheric methane (CH 4 ) sources provide important information about the global CH 4 budget as well as about CH 4 production and consumption processes occurring within the various sources. As an alternative to the conventional mass spectrometer (MS) technique, which requires conversion ofCHt to CO 2 and H 2 , we have developed a tunable diode laser absorption spectrometer (TDLAS), which permits rapid direct measurements of the 13CH 4 /12CH 4 and 12CH 3 D/ 12 CHt ratios. An intercomparison between TDLAS and MS techniques for samples from natural wetlands, landfills, and natural gas sources resulted in a mean deviation of .M13C =0.44%0 and A8D =5.1%0. In the present system the minimum mixing ratios required are 50 parts in 10 6 by volume (ppmv) CH 4 (sample size 2 p.mol CHt) for direct 8 13 C measurements and 2000 ppmv (sample size 80 p.mol CHt) for direct 8D measurements. These mixing-ratio limits are adequate for most CH 4 source characterization studies without requiring sample preconcentration.
Introduction
Recent concern about the increasing CH 4 concentration in the atmosphere l --3 has arisen because of the contribution of CH 4 to global warming4 as well as its complex feedback mechanisms in tropospheric and stratospheric chemistry.4,5 Isotope measurements are an important tool in establishing the global atmospheric CH 4 budget.6, 7 For example, l4CH 4 measurements have been used to estimate the contribution offossil sources such as natural gas and methane from coal mining or from the oil industry.7-9 In contrast the stable isotope ratios, l3CH 4 j12CH 4 and l2CH 3 D/12CH 4 , are determined by the different CH 4 -production processes, Le., (a) biogenic CH 4 production by acetate fermentation or CO 2 reduction in strictly anaerobic environments, (b) thermogenic production (at high temperatures), and (c) incomplete combustion ofbiomass or fossil fuels. lO The S13C-SD signatures ll for the three CH 4 -production processes are clearly distinguishable, and the two biogenic CH 4 -production pathways, acetate fermentation and CO 2 reduction, can be further differentiated by an inverse S13C/SD correlation (ASD/AS13C < 0). [14] [15] [16] For many biogenic CH 4 sources, the CH 4 flux into the atmosphere is reduced by partial bacterial oxidation of the CH 4 , which causes an enrichment of both the S13C and the 8D values (A8D/A8 13 C = 3-14), [17] [18] [19] [20] [21] Further effects modifYing the isotopic signatures are the gradual isotopic enrichment of residual organic material in the course of degradation (A8D/ A8 13 C = 0_1)19 and molecular diffusion, which may alter isotope signatures of natural gases on geological time scales 22 (ASD/ AS13C = 1). 21 Thus parallel S13C and 3D measurements allow conclusions to be drawn about the production, consumption, and transport of CH 4 • Until now a 13 e and aD measurements of CH 4 have been performed exclusively with mass spectrometry (MS). Because of the very small mass difference (0.003 amu) between 13CH 4 and 12CH 3 D, catalytic oxidation of CH 4 to CO 2 for 8 13 C analysis and reduction of the resultant H 2 0 to H 2 for 8D analysis must be carried out. High-resolution mass spectrometers (tllfjM ,.., 15000) that could differentiate between 13CH 4 and 12CH 3 D are not available with the precision necessary for atmospheric research 23 ; Le., .6.8 13C0
.1-1%oand.6.8D~1-10%0. The conversion ofCH 4 to CO 2 and H 2 requires the complete separation ofthe CH 4 from coexisting CO 2 and H 2 0 in the sample as well as from CO and higher hydrocarbons, which otherwise would also be converted to CO 2 and H 2 0. In addition, N20 has to be removed because of the mass interference between 12C 16 0 2 and 14N 2 16 0. Wahlen et al. 7 and Bosinger 24 describe sample preparation procedures in which preparative gas chromatography is used after the samples are purified with silica gel, a molecular sieve, or liquid nitrogen cold traps. Alternatively, Lowe and Brenninkmeijer 25 purify the samples using a series of liquid nitrogen cold traps . and convert CO into CO 2 with 1 2 0 5 with subsequent removal of CO 2 at 77 K. The reported overall precisions are .6.8 13C = ±0.05-0.2%07,9,25 and .6.8D = ±2_3%0. 16, 26 The substantial effort required for sample processing has severely limited the quantity of available data on 8 13 C and, in particular, on 8D of atmospheric CH 4 and its sources.
We present here as a fundamentally different approach a direct measurement method for 8 13 C and 8D based on a tunable diode laser absorption spectrometer (TDLAS) in which we determine the 13CH 4 j12CH 4 and 12CH 3 Dj12CH 4 ratios from the intensities of infrared absorption lines ofthe corresponding isotope pairs.
Webster and May27 performed in situ measurements of stratospheric 13CH 4 j12CH 4 ratios with a balloonborne TDLAS instrument; however, the reported precision of .6.8 13 C ,.., ±90%0 is insufficient to provide information on the atmospheric CH 4 cycle. There have been some previous efforts to apply TDLAS to measurements of naturally occurring isotope ratios in molecules other than CH 4 . Measurements of 13COd 12 C0 2 ratios are described by Wong 28 with an accuracy of 3.10/00 (C0 2 concentratioñ 5%) and by Becker et al. 29 with a precision of 4%0 (pure CO 2 ), Wahlen and Yoshinarpo reported measurements ofN2180/N2160 ratios on preconcentrated samples (precision 0.4%0). Lee and Majkowski 31 measured the C 18 0/C 16 0 and C 17 0/C 16 0 ratios in pure CO with a standard deviation of 2.5%0 for Cl 8 0/ Cl 6 0. Using a TDLAS, Anderson et al. have performed laboratory studies of ozone isotopomers. 32 We present here what is to our knowledge the first application of a TDLAS for stable isotope ratio measurements in C~, carried out directly on environmental samples collected in the field. Our earlier study on the development of the 8 13 C technique has been communicated previously. 33 The further developments reported here include the extension of the method to 8D measurements, the incorporation of a multipass reflection cell (White cell), which improves the CH 4 -concentration limit by 2-3 orders of magnitude, modifications of the data evaluation procedure, and a more comprehensive study of possible spectroscopic interferences. In addition, an intercomparison of the TDLAS technique with conventional mass spectrometry has been performed for a variety offield samples from natural wetlands, landfills, and natural gas. The results demonstrate the applicability of our TDLAS instrument for 8 13C and 8D investigations of atmospheric CH 4 sources.
Experimental
A. Spectroscopy The infrared absorption features of CH 4 in the middle and the near-infrared are determined by rotationalvibrational transitions of the CH 4 molecule. Although the main contribution of CH 4 to global warming comes from the V4 band at 1310 cm-1 in the atmospheric infrared window between 700 and 1400 cm-1, the strongest absorption band of CH 4 is the V3 band at 3000 cm-1 . To investigate the applicability of this spectral region for isotope measurements, we recorded the spectra between 2800 and 3200 cm-1 at 0.02-cm-1 resolution for the different isotope species with a Fourier-transform infrared spectrometer (FTIR). The spectrum of CH 4 at natural isotopic abundance (Le., containing 98.8% 12CH 4 ) and the spectra of pure 13CH 4 and pure 12CH 3 D are shown in Fig. 1 . Because the symmetry of 12CH 4 and 13CH 4 is the same (spherical rotor), the pattern of absorption lines is similar for both isotopes, but the lines are shifted against each other by approximately 10 cm-1 because of the mass difference of the C atom. In contrast, 12CH 3 D is a symmetric top molecule with six fundamentals instead of four, and the additional quantum number K (orientation to the molecular axis) leads to a splitting ofdegenerate 12CH 4 states.
One approach for measurements ofthe 13CH 4 j12CH 4 ratio is to use the P or the R branch of 12CH 4 and 13CH 4 , where some pairs of adjacent «0.5 cm-1 ) and more or less sufficiently separated 13CH 4 and 12CH 4 lines or groups of lines exist. However, the typical intensity ratio of these lines is approximately the same as the natural isotope abundance ratio of13Cj12C (--0.01). Thus different optical pathways with the inverse length ratio would have to be used for these line pairs to achieve comparable absorptions for both isotope species.
Alternatively, the Q branch can be used for 13CH 4 j12CH 4 ratio measurements where some strong 13CH 4 lines neighbor weak 12CH 4 lines of similar line-center absorption. The region with the strongest 13CH 4 Q-branch lines is shown in Fig. 2 For measurements ofthe l2CH 3 Dj12CH 4 ratio there is a higher number of suitable line pairs of comparable absorption spread over a much wider spectral range compared with the situation for the 8 1S C measurements. Line pairs for a l3 c and 'OD measurements are discussed in detail below (Sections 3 and 4).
B. Optical Setup
The optical setup ofthe isotope TDLAS instrument is shown in Fig. 3 . To facilitate the use of different lasers for the measurements ofthe lSCH 4 j12CH 4 ratio and the 12CH s Dj12CH 4 ratio, we built a two-laser system. Two double-heterostructure Ph-salt diode lasers are mounted inside the same liquid nitrogen Dewar. Each laser can be independently temperature controlled in the range from 77 to 100 K The divergent laser beam is collimated by an off-axis parabolic (OAP) mirror, and a plane mirror (PM1) can be switched manually to select the desired laser beam. Subsequently the laser beam passes through a Czerny-Turner-type monochromator to separate different longitudinal laser modes. A set of 12 CaF2 
C. Electronic Setup
Laser current control, data acquisition, processing, and analysis are performed by a digital signal processor card equipped with two 16-bit digital-to-analog converters and two 16-bit analog-to-digital converters mounted inside an 80286 PC. One digital-toanalog converter is used to generate a current ramp for tuning the laser wavelength over the absorption line pair of interest (scan time 300 ms). The second digital-to-analog converter permits the addition of a constant current within a single scan to jump over any spectral range between two absorption lines if necessary. This facilitates the combination 36 of all absorption line pairs within a given laser mode and the spectral transmission of the monochromator. Besides the two digital-to-analog-converter outputs, a 10-kHz sinusoidal modulation is added to the laser de current. Demodulation of the detector outputs occurs by the use of lock-in amplifiers at the second harmonic (standard 2flock-in technique 37 ). In addition, the direct detector signals are passed through a low-pass filter to register the modulation-broadened direct absorption spectra. Thus, the progression of the laser power within a scan can be reconstructed, as discussed below. The three lock-in amplifier outputs and the three filtered direct signals are digitized by the two multiplexed analog-to-digital converters quasi-synchronously, with 1024 points per scan. Several spectra (typically 10) are coadded (i.e., t = 10 x 300 ms) before processing.
D. Data Processing and Evaluation Procedure
The control of the experiment as well as the on-line evaluation of the spectra is performed with a c program operating on the digital signal processor. A host c program, which runs in parallel on the PC, controls graphic display, keyboard inputs through several menus, and data transfer between PC and digital signal processor card as well as additional functions such as the IEEE interface to the lock-in amplifiers. Figure 4 shows an example set of simultaneously recorded and coadded (10 x 300 ms) 2f spectra used for measurements of the 13CH 4 j12CH 4 ratio. After each set of coadded scans the position of the 13CH 4 
---~-
where 'Y is a correction factor to compensate for the channel Fig. 4 . li 13C measurement at the 3007.l45-cm-1 /3007.078-cm-1 (12CH 4 ) line pair: simultaneously recorded 2fspectra of (middIe) a sample and (bottom) the reference gas (ref). The fits carried out according to Eqs. (2) and (3) are also shown in the sample spectrum, with the vertical lines marking the corresponding fit boundaries. However, at the scale used in the figure the fits cannot be distinguished from the recorded spectrum; the residuals of the fits are shown at the top (scale x 10).
Zetoslgnal slightly different progression ofthe laser power within each scan at the different detectors. To reconstruct the variation ofthe total laser power within each scan we use the direct absorption spectra ( 
E. Sample Handling and Automated Cell-Filling Procedure
The direct absorption line shapes and the correspond· ing measured 2f line shapes depend on the pressure, temperature, and fractional absorption of the gas. The start voltage for the subsequent ramp is adjusted to compensate for drifts of the laser current and the temperature control units (line locking by laser current). In contrast to the 8 evaluation procedure described previously,SS here we use only the spectra of the sample and the isotope reference to determine the 8 value of the sample. A multiple linear regression procedure is carried out on line for each set ofspectra. One linear regression fits the I2CH 4 line of the reference gas to the I2CH 4 line ofthe sample: (2) where spec(i) is the ith point of the indicated spectrum and aj are the regression coefficients. Analogously, the 2fabsorption lines of IsCH 4 or I2CH s D are fitted to each other:
The 8 value, relative to the reference gas, is obtained directly from the regression coefficients ao and b o :
gas. This procedure ensures that the absorption is correct after the N 2 is added up to the desired total pressure.
While the gases are being added to the White cell, they are continuously pumped around a closed circuit to ensure thorough mixing. The gas circuit also contains a liquid nitrogen cold trap to remove water from the sample. The precision of the system's ability to adjust the fractional absorption is A(M/I0) = ±0.001-0.002, and the reproducibility of the total pressureadjustmentisAp = ±0.02mbars. TheCH 4 mixing ratio m of the sample can be determined from the measurement of M/I o at the l2CH 4 line center, the pressure of the sample gas alone (Psample,Wc), and the pressure after adding the N 2 (Ptotal,wc):
15 "C" In the pressure region near 30-50 mbars the absorption line shape is a Voigt profile, i.e., a convolution of a Lorentzian profile (pressure broadening) and a Gaussian profile (Doppler broadening). At fractional absorptions (M/ 1 0 ) of several percent the deviation between the observed absorption line shape and the optical density (od) has to be taken into account: To ensure good matching of the total pressure and fractional absorption between the sample and the reference cell, we have devised an automatic filling procedure that uses computer-controlled magnetic valves. In a first step the sample inlet valve is opened to the evacuated White cell for a defined, brief period of time, and the resulting increase in l2CH 4 absorption is measured. Using the relationship between opening time of the sample valve and increase of absorption determined in this manner, one can introduce the sample £;ltepwise into the White cell until the required absorption is reached. Afterward, N 2 is added in a similar stepwise manner with the measured relationship between N 2 valve opening time and pressure increase. For a given CH 4 amount inside the White cell the line-center absorption decreases with increasing total pressure (owing to pressure broadening; see Fig. 6 ). Therefore the set point of the desired final line-center absorption has to be corrected during the CH 4 -sample-filling procedure depending on the mixing ratio of CH 4 in the sample where lref and lwc are the optical lengths of the reference and the White cell, respectively; mref is the mixing ratio of the reference gas in the reference cell; and 13 is a calibration factor, determined with a (mixing-ratio) calibration gas containing 1000 parts in 10 6 by volume (ppmv) CH 4 • F. Calibration versus the PDB/SMOW Scale Alternating with the sample measurements, the reference gas is introduced into the White cell with the above automated procedure and measured against itself. The mean of two such 8TDLASref (ref) (Ref. 38) zero measurements is subtracted from the measured 8TDLASref (sample) value of the sample. This compensates for slow (> 30 min) drifts, which mainly arise from small changes in the temperature difference between the White cell and the reference cell and from slight changes in the optical beam alignment as a result of thermal effects and of the pressure cycling within the White cell.
These measurements yield the relative deviation of the lSCH 4 j12CH 4 or l2CH s Dj12CH 4 ratio ofthe sample against the reference gas. The isotope ratios of the reference gas on the PDB/SMOW scales have been The need for such a transformation factor is discussed in Subsections 3.A.2. and 4.A.2, below, and arises from the presence of weak underlying absorptions from other CH 4 isotopomers for some line pairs. For each measurement series at least three TDLAS measurements of the corresponding calibration gas are carried out to yield an average value of a, as determined from Eq. 
3. 8 13 
C Measurements
A. Une-Pair Selection Criteria
General Considerations
In the spectral region between 2800 and 3200 cm-I, 12CH 4 j1SCH 4 line pairs of comparable absorption are found mainly between 3000 and 3010 cm-I. Table 1 presents an overview of suitable line pairs, based on the HITRAN 92 data.S9 Because the variation of the laser power between the different absorption lines (as discussed above) increases with the spectral separation of the lines, this separation should be much lower «0.1 cm-I) than the tuning range of the laser modes and the spectral resolution ofthe monochromator (0.5-1 cm-I). On the other hand, at T -300 K and at low pressures (30-50 mbars), where the width of the absorption lines is dominated by Doppler broadening, the spectral separation has to be > -0.04 cm-1 for sufficient resolution of the two lines. In addition, the line strengths of the selected line pairs should be as high as possible to minimize the necessary CH 4 mixing ratios. On the basis of these criteria, the lSCH 4 lines at 3007.145 and at 3007.653 cm-1 seem to be the best candidates. Table 1 ).
It should be noted, however, that the HITRAN data given in Table 1 would result in an error of~81SC = ± 0.50/00, assuming a maximum range in 8D of ± 150%0.
Interferences from Gases Other than CH 4
A weak absorption line from H 2 0 [8 = 1.0 x 10-25 cm-1/(mol cm-2 )] exists at 3007.128 cm-1 and is separated by 0.017 cm-1 from the lSCH 4 line at 3007.145 cm-I. The procedure for drying the samples described above ensures that the effect of Table 1 . However, their contributions are negligible as well. Although there is no evidence from the HITRAN 92 data about possible interferences from nonmethane hydrocarbons (NMHC's), they might interfere in the given spectral region, because the C-H bond-stretching vibration frequencies are around 3000 cm-I. For two natural gas samples a weak interference near the 3000.734-cm-1 /3001.194-cm-l line pair was observed, probably because of ethane, propane, or further NMHC's present in these samples. For the 3007.145-cm-1 /3007.078-cm-I line pair, however, no interfering absorptions were observed for these samples. We have not yet carried out a comprehensive study of the spectra of the most abundant NMHC's, but the good agreement of 813CTDLAS and 8 13 C MS values for unpurified samples from various C~sources including landfills (see below) strongly suggests that neither NMHC's nor other species interfere with the 8 13 C measurements at the 3007.145-cm-I /3007.078-cm-1 line pair for these samples.
B. Reproducibility
The reproducibility achieved for the Sl3C measurements is ±0.5%o. With the given pressure and absorption dependences (see above), the uncertainty in samples: natural wetlands,landfills 013CTDLAS rc/00 POB] The mean deviation is Llil 13 C =0.44%0.
0.59%0. This result demonstrates the applicability of the TDLAS instrument for SlaC measurements of atmospheric CH 4 sources, for which the SISC variations are typically markedly larger than the achieved accuracy.
General Considerations
In contrast to the situation for ISCH 4 j12CH 4 , there are many 12CH s Dj12CH 4 line pairs of comparable absorption spread over the spectral region between -2900 and -3150 cm-I. Some of the possible candidate pairs are listed in Table 2 . 1) ; however, our present diode lasers only cover the spectral region up to approximately 3050 cm-I. As examples, two possible line pairs above 3050 cm-l are listed in Table 2 (based on HITRAN 92 data). Generally, for SD measurements the temperature, pressure, and absorption dependences are of lesser importance than they are for the SISC measurements, as the required precision is lower. On the other hand, SD measurements are more sensitive to spectroscopic interferences, because the 12CH s D lines are approximately a factor of 20 weaker than the ISCH 4 lines. A discussion of the 12CH s Dj12CH 4 line pairs follows that is similar to the discussion presented above for the laCH 4 j12CH 4 line pairs.
Possible Interdependence ofthe Two Absorption Lines
We determined transformation factors a = 1.03 ± 0.03 (n = 10) for the 3042.345-cm-I /3042.221-cm-1 line pair and a = 1.00 ± 0.02 (n = 4) for the 3044.289-cm-I /3044.170-cm-l line pair. This result indicates pairs of pure (> '"" 97%) absorptions of 12CH s D and 12CH 4 , respectively.
Interferences from Underlying 13CH 4 Absorptions
In the HITRAN 92 database there is no indication of ISCH 4 interferences within the spectral regions of the two standard 12CH s Dj12CH 4 line pairs (cf. Table 2 ). Thus SD measurements should be independent of slSe values ofthe samples.
Interferences from Gases Other than CH 4
Some weak H 2 0 absorptions lie in the spectral region of the 3042.345-cm-I /3042.221-cm-1 line pair (cf. Table 2 ). The drying procedure is sufficient to suppress the effect ofthese 
C. Comparison TDLAS versus MS
An intercomparison between our TDLAS instrument and the mass spectrometer technique has been performed for various samples from natural wetlands and landfills. For the wetland samples, CH 4 release was encouraged by physical perturbation of the sediments. The landfill samples include several samples from gas wells, a surface emission sample collected with a static chamber, and a soil gas sample taken from a landfill cover. The CH 4 concentrations ranged from 1700 ppmv to 80 vol. %. The samples were stored in gas-tight sampling bags made of polyethylene-coated weldable aluminium foil. For TDLAS analysis no sample preparation was necessary. The preparation of samples for mass spectrometer 8 la C analysis was performed at the Institut fUr Umweltphysik, Universitat Heidelberg, as described by Levin et al. 20 most of the other candidates, interferences with 0 3 and CH 3 CI are listed in the HITRAN 92 database but are not significant for the 3D measurements. For two natural gas samples an interfering absorption near the 3042.345-cm-1 12CH 3 D line was observed (attributed to ethane, propane, or further NMHC's present in the natural gas); however, the line positions were such that no influence on the measurements was apparent. The comparison with the MS measurements further confirms that interferences do not disturb the 3D measurements.
B. Reproducibility
The reproducibility for 3D measurements (the same line pair is used) is ,.., ±2%0. The lower mixing-ratio limit for direct 3D measurements is ,.., 2000 ppmv CH 4 , which corresponds to 80 J.Lmol CH 4 in our White cell.
C. Comparison of TDLAS versus MS and Comparison of TDLAS Measurements with Two Different Une Pairs
To conduct the comparison between TDLAS and MS, we used landfill samples from gas wells (n = 3) and natural gas samples (n = 2). The CH 4 concentrations in the samples ranged between 6.3% and ,..., 99%. MS measurements of 3D were performed at the Bundesanstalt fUr Geowissenschaften und Rohstoffe, Hannover, Germany.26 The mean deviation 41 between TDLAS and MS is~3D = 5.1%0 (n = 5) (Fig. 8) error that might cause the overall8D (as well as the 8 13 C) accuracy to be poorer than the reproducibility could arise from spectroscopic interferences from unknown gases in the sample (see Subsection 4.A.4). This potential error can be excluded by subsequent measurements with different line pairs. We carried out this comparison for the two standard l2CH 3 Dj12CH 4 line pairs for various landfill samples (Fig. 8) . The mean deviation for this internal TDLAS intercomparison is 118D = 2.6%0 (n = 10), supporting the quality of the 8D measurements. The fact that the intercomparison between TDLAS and MS 8D measurements is slightly poorer than the intercomparison between the two standard line pairs might be the result of a slight nonlinearity in the TDLAS calibration. At present the 8D calibration is fixed at the two points 8D = -164.9%0 and 8D = 25.90/00 of the SMOW scale, thus the typical range of 8D for atmospheric methane sources is not fully covered. This also applies to the 8 l3 C calibration, which is fixed at 8 l3 C = -27.79%0 and 8 l3 C = 9.170/00
PDB. There is a general need for adequate 8D and 8 13 CCH 4 standard gases for both the TDLAS calibration and the MS measurements (which usually use H 2 0 standards for 8D calibration and CO 2 standards for 8 13 C calibration).
Discussion
In contrast to the situation for 8D measurements, 13CH 4 f1 2 CH 4 line pairs of comparable intensity are much scarcer. The line pair used in this study at 3007.145 cm-l /3007.078 cm-l is adequate for CH 4 -source measurements despite having some disadvantages such as the impurity ofthe l3CH 4 line and, more important, the strong temperature dependence ofthe intensity ratio. For the 8 l3 C measurements, the modification of the TDLAS instrument to use a dual optical path system, which compensates for order-ofmagnitude differences in line intensities, may improve the precision of the instrument, because line pairs in the P or the R branch of the V3 band with much lower differences in their ground-state energies could then be used. The number of line-pair candidates would then also be larger, which would be advantageous if interferences from other gases were encountered in future field samples. Table 3 lists two possible line pairs (from the R branch). Further improvements to our methods may open the possibility of using the TDLAS instrument for background atmospheric CH 4 8 13 C measurements, which require a precision of approximately 0.10/00. However, both 8 l3 C and 8D measurements ofatmospheric CH 4 would require a preconcentration of CH 4 , which one could perform by using charcoal at a temperature of 77 K.
We have demonstrated the capability ofour TDLAS instrument for parallel8 13 C and 8D measurements on CH 4 in samples from various natural and anthropogenic sources of atmospheric CH 4 • The achieved overall 8 13 C accuracy of 0.4-0.6%0 and overall 8D accuracy of 5%0, as derived from the intercomparison with mass spectrometer measurements, is very satisfactory for investigations ofatmospheric CH 4 sources, because the typical 8 13 C and 8D variabilities (e.g., temporal or spatial) in atmospheric CH 4 sources are distinctly larger. The advantage of the TDLAS instrument compared with the conventional MS is the ability to perform direct measurements on CH 4 samples without the need for any sample preparation (apart from drying) or for conversion of CH 4 to CO 2 and H 2 . Currently the 8 l3 C or 8D measurement of one sample requires 15 min, including the evacuation of the White cell and the automated filling of the sample. The subsequent zero measurement takes another 15 min. This short measurement time permits more comprehensive studies of8 l3 C/8D variabilities 2l than have been practical in the past (especially in the case of8D measurements).
The 8D precision for the TDLAS measurement, as derived from the comparision of TDLAS measurements at two different line pairs, is approximately the same as the reproducibility of MS measurements. Thus a fundamentally different measurement method for 8D with essentially the same precision as the MS method is now available. Possible interferences, which may conceivably arise for certain kinds of field samples, may be avoided by choosing from the wide variety of 12CH 3 D/l2CH 4 line pairs available.
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